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5 60/131,027, filed April 26, 1999; 60/137,346, filed June 3, 1999; 60/144,483, filed July 17, 
1999; and 60/185,019, 60/185,020, 60/185,065, each filed on February 25, 2000. 



Field of the Invention 

The present invention relates to a variable motion system and method for providing 
10 controlled positioning of a plurality of movable elements as components. In particular, the 
present invention relates to utilizing a linear motor to independently control and position a 
plurality of movable elements along a path in a production process or manufacturing 
environment so that work may be performed during the process. 

15 Background of the Invention 

Movable elements are often provided as part of an overall machine, device or system, 
such as a production process or manufacturing environment. In this type of process or 
environment, it is desirable that all of the movable elements be mounted for movement 
along one or more defined paths, that all of the elements be movable independently of others 

20 of the movable elements, and that the movement of all of the movable elements be 

controlled independently of the other movable elements, subject to the limitation that no two 
movable elements may occupy the same space at any given time. In such a system or 
method, control of the movement of the elements is necessary. The control may include 
establishing and/or maintaining a state of "non-movement" of one or more of the elements, 

25 and/or may include urging one or more of the movable elements along the path at a given 
velocity, acceleration, force, and/or direction, or a combination of these latter parameters 
(herein referred to at times as "control variables"). Herein the term "force" is used to denote 
energy applied to a movable element or group of movable elements to affect, in some 
manner, controlled movement or non-movement of a movable element along the path. 

30 Electric motors conventionally include a stationary portion, or stator, and a movable 

portion. In electric motors adapted for turning an output shaft, the movable portion, called 
the rotor, is concentrically arranged with the stator. Although the most common rotary 
motor employs a cylindrical rotor rotating within an annular stator, the reverse arrangement 
is also known. 



DCl -253270 1 



An electric motor of the linear type is also known. A linear motor employs a stator 
which can be thought of as being similar to the stator of a rotary motor, except for the stator 
is formed into a flattened assembly. Similarly, the rotor of the rotary motor is replaced by a 
linear counterpart which moves in a line with respect to the stator. 
5 Heretofore, it has been suggested that a linear motor may be employed to effect 

movement of elements along a path. Prior linear motor systems, such as that utilized in U.S. 
Patent No. 4,595,870, controlled the position of the movable element through detection of 
the position of a single movable element and by feeding to appropriate ones of the coils of 
the non-movable element electrical energy for altering the position of the movable element 

1 0 along the length of the non-movable element. Such relatively simple applications of linear 
motors have become almost commonplace for moving a single movable element 
bidirectionally along a linear, i.e., straight path. In one application, this general concept has 
been employed to propel a movable element along a circular path of constant radius. In one 
specific application, a type of AC linear induction motor has been employed in an 

1 5 amusement park roller coaster to propel a carriage to its point of commencement of 

gravitational fall. In this application, the propulsion path is linear. Generally stated, these 
prior linear motors included a single source of electrical energy input for propelling a single 
movable element along the length of a non-movable element, employing certain of the 
principles as are commonly employed in rotary motors. 

20 More recently, U.S. Pat. No. 5,965,963 depicts a system that utilizes a linear motor 

that includes more than one movable stage movable independently on the same path. The 
system of this patent utilizes a plurality of stationary armature windings grouped in 
repeating sets of three around a continuous path. The armature windings lie side by side 
along the path. The path may have both straight and curved portions. A plurality of 

25 switches are associated with the armature windings to allow the armature windings to 
influence the movement of a movable element along the path. The armature windings are 
activated to move the movable element along the path when motor magnets that are mounted 
on the movable elements come into association with the respective windings to close the 
respective switches. At other times, the switches are opened such that the armature 

30 windings are inactivated. 

The system of U.S. Patent No. 5,965,963 may be either a closed-loop or an open- 
loop control system. The closed-loop system, permits accurate control of position, velocity, 
and acceleration of the movable elements. This system utilizes linear encoders, a switching 
magnet, switching sensors, an encoder magnet, and encoder sensors to control such variable 
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as position, velocity, or acceleration. The switching sensors that are utilized are Hall-effect 
devices. Hall-effect devices produce a current when exposed to a particular magnetic 
polarity. 

A linear motor that is capable of moving a movable element along a fixed curvilinear 
5 path is highly desirable in the manufacturing and production arenas. In practice, in a 

manufacturing process, for example, the process commonly includes equipment or apparatus 
which is programmed to perform, at each work station, a specific function in the overall 
process. This performance at each work station is commonly of a known duration, e.g., one 
cycle per a given period of time. In the prior art, the duration of the function performed at 

1 0 each work station commonly was a function, not of the activity being performed, but of the 
speed with which a product could be moved into and out of the work station on a conveyor. 
In those manufacturing processes in which a closed loop conveyor was required to move an 
individual product into a series of work stations, through the work stations, and to an offload 
station, the time limiting factor for the overall process was a function of how quickly a 

1 5 "product grasping" carriage on the conveyor could be moved from the offload station to the 
starting point of the series of work stations. 

Heretofore, one attempt to overcome this limitation was to provide carriages spaced 
very closely together along the entire length of the looped conveyor and to run the conveyor 
at the fastest possible speed, such as shown in EP 0 887 263 Al, EP 0 887 264 Al, EP 0 887 

20 273 Al , or U.S. Reissue Patent No. 33,467. This situation relies upon mechanical aspects of 
the system such as the precision of operation of the conveyor, the accuracy with which the 
conveyor can be stopped at a work station and started for movement to a further work 
station, the acceleration which is possible between starts and stops, and other mechanical 
limitations. Downtime for maintenance and/or repair of these prior art systems is 

25 inordinately high and costly both in time and money. There is a demonstrated need, 

therefore, for improvements and enhancements of such systems, and this need is satisfied by 
the present invention. 

Summary of the Invention 
30 The present invention now provides a system for use in a manufacturing operation, 

production process, or other process or operation comprising a plurality of movable 
elements that are constrained for movement along a path and wherein the position of each of 
the movable elements along the path is controlled independently of the position along the 
path of every other of the movable elements of the system. In addition, the invention 
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provides a method for effecting control of each of a plurality of movable elements of a linear 
motor-type drive along a common path so that work may be performed at one or more 
stations along the path. 

Accordingly, the system and method perform a manufacturing operation at a static or 
5 moving position relative to a first path. The system of the invention includes a plurality of 
first carriages, a plurality of first active elements, at least one first reactive element, at least 
one controller, and a first tool associated with each first carriage for performing at least part 
of the manufacturing operation. The plurality of first carriages are mounted for independent 
movement relative to the first path, with each first carriage having at least one motion 

1 0 parameter for independently controlling the first carriages. The plurality of first active 

elements are associated with at least one first reactive element to produce relative movement 
between the first carriages and the first path. Preferably, the controller controls the 
activation of the first active elements in order to provide independent control of each first 
carriage. In operation, the first active elements are selectively activated by the controller to 

1 5 direct the first carriages along the path so that the manufacturing operation can at least 
partially be conducted by the first tool. 

In one embodiment, the first carriages are movable while the first path is curvilinear 
and fixed. The motion parameters typically include one or more of force, acceleration, 
velocity, direction, position, torque, or jerk. The active elements may be electrically 

20 conductive coils that are electrically insulated from neighboring coils and arranged along the 
first path, with each of the coils, when enabled, establishing an electromagnetic field. The 
electromagnetic field is effective to influence the reactive element when the reactive element 
is associated with the field. The controller may control the enablement of respective ones of 
the coils as a function of the location of each first carriage along the first path so that each 

25 first carriage is independently controlled. 

In another embodiment of the inventive system, the system also includes at least one 
second path having a plurality of second carriages mounted for relative movement relative to 
that path. In this embodiment, each second carriage has at least one motion parameter 
independently controlling each second carriage and a plurality of independently activatable 

30 second active elements operatively associated with at least one second reactive element to 
produce relative movement between the second carriages and the second path. The second 
active elements may be electrically conductive coils that are electrically insulated from 
neighboring coils and arranged along the second path, with each of the coils, when enabled, 
establishing an electromagnetic field. The electromagnetic field is effective to influence the 
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reactive elements when the reactive elements are associated with the field. As with the first 
carriages, the controller controls the activation of the second active elements in order to 
provide independent control of the motion parameters of each second carriage. During the 
motion of the first and second carriages, the first tool cooperates with the second carriage to 
5 perform the manufacturing operation. 

In the second embodiment, the first and second carriages are preferably controlled to 
cooperate to conduct the manufacturing operation. A second tool may also be associated 
with the second carriage for performing at least part of the manufacturing operation. Both 
first and second controllers may be provided, with the first controller controlling activation 

10 of the first carriage and the second controller controlling activation of the second carriage. 
The first and second controllers may control the enablement of respective ones of the coils 
on the first and second paths as a function of the location of each first and second carriage 
along the first and second paths so that each first and second carriage is independently 
controlled. A single controller may perform the functions of the first and second controllers. 

1 5 The method of the present invention preferably includes the steps of mounting a 

plurality of first carriages for independent movement relative to a first path, operatively 
associating a plurality of first active elements with at least one first reactive element to 
produce relative movement between the first carriages and the first path, associating a first 
tool with each first carriage, and controlling the activation of the first active elements. Each 

20 first carriage preferably has at least one motion parameter. During the controlling stage, the 
activation of the first active elements is controlled to direct the first carriages along the first 
path where the manufacturing operation is at least partially conducted by the first tool. 

Another embodiment of this method includes the steps of mounting a plurality of 
second carriages for independent movement relative to a second path, with each second 

25 carriage having at least one motion parameter. The method also includes associating a 
plurality of second active elements with at least one second reactive element to produce 
relative movement between the second carriages and the second path. Each second active 
element is independently activated to control this relative movement. The method also 
includes controlling the activation of the first and second active elements in order to provide 

30 independent control of the motion parameters of the first and second carriages so that the 
first and second carriages move along the path in order for the manufacturing operation to be 
conducted. The method may also include associating a first and second tool with each first 
and second carriage, respectively, and controlling the first and second tools to cooperate to 
conduct the manufacturing operation. The method may also include moving the first and 
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second carriages in unison along the first and second paths as the tools cooperate to conduct 
the manufacturing process. 

Brief Description of the Drawings 
5 Preferred features of the present invention are disclosed in the accompanying 

drawings, wherein similar reference characters denote similar elements throughout the 
several views, and wherein: 

Fig. 1 is a schematic representation of a system embodying various features of the 
present invention and depicting control over the movement of a plurality of movable 
1 0 elements along a path; 

Fig. 2 is a schematic representation of one embodiment of a system in accordance 
with the present invention and depicting control of the movement of a plurality of movable 
elements along a closed path and past a plurality of work stations, each movable element 
functioning to receive and transport a product between successive work stations; 
15 Fig. 3 is a partial representation, in perspective, of one embodiment of a track system 

embodying various features of the present invention and depicting a movable element 
mounted for traversing the track carrying a product receiver therewith; 

Fig. 4 is a left hand end partial representation, in perspective, of the track system 
depicted in Fig. 3; 

20 Fig. 5 is a schematic representation of one embodiment of a control system 

employed in the present invention for independent control of each of a plurality of movable 

elements along a prescribed path; 

Fig. 6 is atop view representation of one embodiment of an array of sensors 

employed in one embodiment of a control system of the present invention; 
25 Fig. 6A is a top view representation of another embodiment of an array of sensors 

employed in one embodiment of the control system of the invention where the control 

system utilizes multiplexing; 

Fig. 7 is a top view of a magnet member comprising a multiplicity of individual 

aligned magnets as employed in one embodiment of a control system of the present 
30 invention; 

Fig. 8 is a schematic representation of a path along which a plurality of movable 
members are constrained to move and wherein the path deviates from parallelism with 
respect to a plurality of aligned electrically conductive coils; 
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Fig. 9 is a diagram depicting one embodiment of a subsystem suitable for sensing 
one or more motion parameters of a movable element (carriage) as employed in the present 
invention; 

Fig. 10 is a schematic representation of another embodiment of the system 
5 embodying various features of the present invention and depicting control over the 
movement of a plurality of movable elements along a path in a packaging machine; 

Fig. 1 1 is a diagram depicting a preferred alternative motion control system of the 
invention that utilizes multiplexing; 

Fig. 12 is a graph of a position profile for one carriage showing a technique for 
10 registration correction; and 

Fig. 13 is a diagrammatic representation of a method for handling registration 
correction using first and second time intervals. 

Detailed Description of the Invention 

1 5 The system of the present invention may be employed in an "open loop" or a "closed 

loop" configuration. "Open loop" refers to a control system in which there is no feedback as 
to the position, velocity, acceleration, direction, force, torque, jerk, and/or other motion 
parameters (hereinafter "control variable") of a movable element at any given point in time. 
In an "open loop" system, each of the movable elements is controlled positionally along a 

20 path by appropriate electrical energy being supplied to individual ones of the coils located 
along the path. The nature of the electrical energy applied to the coils determines what 
reaction the reactive element of the system will exhibit. Position or other motion parameters 
are not monitored. In a "closed loop" system, a feedback arrangement is provided which 
signals the position, velocity, acceleration, direction, force, torque and/or jerk, or other 

25 motion parameters, of each of the plurality of movable elements at a given time. This 

feedback signal from each of the movable elements of the closed loop system is employed to 
modify the electrical energy to be fed to a coil or subset of coils to effect a desired motion 
parameter for each of the movable elements. Output from a controller which is 
representative of the desired position/time status of each movable element is also employed 

30 to modify the electrical energy that is ultimately fed to respective ones of the coils to effect a 
desired reaction of each movable member at a given point in time. An open loop system is 
often desirable where feedback is not necessary, i.e., a repeated force input, such as a 
jackhammer or staple gun, for example. A closed loop system is often utilized, for example, 
where precise position control is necessary, i.e., for a machine tool. 
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Fig. 1 represents an open loop system 10 embodying various features of the present 
invention, including a plurality of electrically conductive coils, Coil 1 . . . Coil N, which are 
electrically insulated from their neighbor coils, and which are aligned in a basically side-by- 
side arrangement. In Fig. 1 there are depicted only two coils, namely Coil 1 and Coil N with 
5 the indication that there may be any number of additional coils disposed in the aligned array 
of coils. 

The depicted system further includes a plurality of movable elements 22 and 24, for 
example, which are mounted for movement along the length of a track 26 defining a path 20 
which in Fig. 1 is depicted to run parallel with the aligned coils. Whereas in Fig. 1 the 

1 0 aligned coils and the track are shown as being physically separated, in practice, commonly, 
the track and the coils are disposed in substantially contiguous relationship. In Fig. 1, each 
movable element is depicted as including a working member 28 and 30, respectively. Each 
working member may comprise any type of implement, device or the like which performs 
some work function, usually work on a product as in an assembly line, as its associated 

15 movable element is moving along the path/track or is held stationary at some position along 
the path/track. 

As depicted in Fig. 1, each movable element, element 22 for example, includes a 
carriage 32 which is mounted for movement along the track (see also Figs. 2-4). A reactive 
element 36, which in Fig. 1 is depicted as a permanent magnet, is mounted on the carriage 

20 32. The position of the reactive element is maintained in spaced apart relationship to the 
aligned coils 39 by a distance which places the reactive element within the sphere of 
influence (see force lines 40 of Fig, 1), of an electromagnetic field 45 developed by each of 
the enabled coils. It is to be noted that the force lines 40 of Fig. 1 are, intended to be 
illustrative only and are not intended to be an exact representation of the force lines. Other 

25 types of carriages may also be utilized, as the invention is not limited to any of the disclosed 
carriage embodiments. 

In accordance with one aspect of the present invention, each of the movable elements 
is controlled through a controller 42. The controller is electrically connected via an 
electrical lead 41, or other communication means, to a series of amplifiers identified in Fig. 

30 1 as Amp 1, Amp 2 and Amp N, with indicators showing that there may be any number of 
amplifiers disposed between Amp 2 and Amp N. In any event, there is one amplifier 
provided for each movable element of the system. Each amplifier is provided with a source 
of conventional electrical energy 43, for example, a conventional three-phrase electrical 
source. Within the amplifier the electrical energy is modified as a function of the signals 
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from the controller to provide outputs. The output from each amplifier is fed into a coil 
switching circuit 50. The outputs from the coil switching circuit are fed to respective ones 
of the coils for the development of an electromagnetic field 45 associated with such coil, the 
nature of the electromagnetic field being a function of the modified electrical energy that is 
5 supplied to the coil. 

In Fig. 1 , each coil is depicted as including an electromagnetic field 45 and a 
respective permanent magnet 36 associated with a sub-set of coils and disposed within the 
sphere of influence of its associated coils. Each of the magnets is rigidly connected to a 
respective carriage 32 such that movement of the magnet produces corresponding movement 

1 0 of its carriage. The movable elements 22, 24 depicted in Fig. 1 are movably mounted on the 
track 26 which is disposed substantially parallel to the aligned coils. 

As depicted in Fig. 1, in a preferred embodiment, the aligned coils are divided into 
segments 52, 54 and 56. Those coils which define a linear segment comprise the segment 
52. Other coils which define a first curved segment comprise the segment 54, while further 

1 5 coils defining a second curved segment comprise the segment 56. Thus, if there are multiple 
curved segments having different radii, each segment of a given radius can comprise a 
segment, although multiple curved segments can also be constructed as a single segment. 
The geometry of the length dimensions of the array of aligned coils may be of any 
convenient form and may include at least one linear segment, at least one curvilinear 

20 segment, or a continuously changing curvature, such as a cloverleaf design. As depicted in 
Fig. 2, the coils may be aligned to define an endless array. Fig. 8 depicts another 
geometrical combination of aligned coils 238, magnets 240, and associated tracks 236. 

In accordance with one aspect of the present invention, the system is provided with a 
track 26 defining a path 20 along which the plurality of movable elements are intended to 

25 move. This track preferably is disposed parallel to the geometry of the array of aligned 
coils, and preferably is disposed contiguous to the coils. In this manner, each movable 
element may include a permanent magnet (or electromagnet or inductor) associated 
therewith and this magnet or inductor will be within the sphere of influence of the 
electromagnetic fields of the several enabled coils that effect desired motion parameters for 

30 the movable elements. Moreover, the track may serve as a fixed rigid support for the 

plurality of side-by-side electrically conductive coils. These coils are well known in the art 
and are indicated only generally and collectively in certain of the Figures. 

In one specific embodiment, and referring to Figs. 2-4, the track 26 includes first and 
second rails 60, 62 which are spaced uniformly apart from one another along the entire 



-9- 



DCl -253270 1 



length of the track. In Fig. 2, the track is a closed loop. As depicted in Fig. 2, each of a 
plurality of movable elements, i.e., carriages 100, 103, 105, 107, 109, 111 and 1 13, is 
mounted for movement along the track. Each carriage preferably includes first and second 
sets of wheels disposed at one end thereof and third and fourth sets of wheels disposed at the 
5 opposite end of the carriage, although the configuration of the carriage is not critical to the 
invention. Any type of movable element will suffice provided it remains associated with the 
path. 

Referring to a preferred embodiment, as shown in to Figs. 3 and 4, the carriage 100 
includes a leg 102 having an outer face 104. The first set of wheels 64, 68 are individually 

1 0 mounted at opposite ends of a plate 63 which is centrally pivotally mounted on the face 1 04 
of the leg 102 such that the wheel 64 thereof engages and rides along the rail 60 of the track 
26 and the wheel 68 of this first set engages and rides along the rail 62 of the track. The 
second set of wheels 66, 70 are likewise individually mounted at opposite ends of a plate 63 
that is also centrally pivotally mounted on the face 104 of the leg 102 generally alongside 

1 5 the plate 63 and such that the wheel 66 engages and rides along the rail 60 of the track and 
the wheel 70 engages and rides along the rail 62 of the track. By means of these pivotally 
mounted sets of wheels, as a carriage enters and passes through a curved segment of the 
track, each set of wheels pivots about its respective pivot pin 105, for example to 
accommodate the difference in the radius of curvature, r 2 , of the rail 60 relative to the radius 

20 of curvature, r, of the rail 62, so that the carriage remains oriented substantially 
perpendicular to the length dimension of the track. 

In the present system, the wheels engage their respective rail in a manner which 
precludes the derailment of the carriage during its travel along the track. This result is 
accomplished in one embodiment by defining grooves 80, 82, 84, 86 in the periphery of each 

25 of the wheels and providing a double chamfered edge along each side of a planar track. The 
chamfered edge along one of the sides of the track defines the rail 60 which is received in 
the grooves 80, 82 of the wheels 64, 66 of the carriage and the chamfered edge along the 
opposite side of the track defines the rail 62 which is received in the grooves 84, 86 of the 
wheels 68, 70 of the carriage, thereby "locking" the wheels on the rails. 

30 Thus, in those instances where the track includes a linear segment 52 which 

transitions into a curvilinear segment 54, the wheels 64, 66 move along and are guided by 
the outer rail 60 of the track. On the other hand, the two wheels 68, 70 move along and are 
guided by the inner side edge 62 of the track. For a track of a given width, and which is 
curved inwardly to form a curvilinear segment of a closed loop track, for example, in the 
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curvilinear segment, the radius of the curvature of the first side edge of the track will be 
greater than the radius of the curvature of the second side edge of the track. By reason of the 
pivotal mounting of each set of wheels, the wheels 64, 66 move apart from one another and 
the wheels 68, 70 move closer together to accommodate the different radii and maintain the 

5 carriage substantially perpendicular to the length dimension of the track. Accordingly, there 
is achieved maximum retention of the desired alignment of the magnet of the carriage and 
the aligned coils associated with the track, and resulting maximization of the 
electromagnetic coupling between the magnet of a carriage and the aligned coils and 
maximization of the controllability which can be exercised over the position of the carriage 

10 along the track, especially within that portion of the track wherein 'the linear segment is 
transitioning into a curvi-linear segment of the track. 

It is noted that the first and second sets of wheels mounted at one end of each 
carriage are duplicated by third and fourth sets of wheels at the opposite end of the carriage 
(see Fig. 4). 

1 5 With specific reference to Figs. 3 and 4, in one embodiment, the track 26 is mounted 

on a frame 90 which may take the form of two or more oval substantially planar members 
92, 94, 95 which are rigidly attached to one another in spaced apart relationship as by means 
of spacing connectors 96, for example. It will be recognized by one skilled in the art that 
other configurations of a frame may be employed as the application requires, without 

20 sacrifice of the functional nature of the frame. The frame serves, among other things, as a 
means for mounting of the system on a superstructure of an existing manufacturing machine 
or to an independent supporting structure, e.g., the floor, etc. 

As depicted in Figs. 3 and 4, each carriage includes a rigid "L"-shaped mounting 
member 101, one leg 102 of which has mounted on an outer face 104 thereof first and 

25 second sets of wheels 64, 66 and 68, 70, respectively, and which are adapted to engage the 
opposite rails 60, 62 of the track 26 in a manner whereby the carriage is stabilized 
positionally with respect to the track. Alternatively, this mounting member may be other 
shapes, such as "U"-shaped, for example. A further leg 106 of the mounting member 101 
carries a permanent magnet (reactive element) 108 thereon at a preselected operational 

30 distance from the coils 1 10 that are mounted on the frame member 94 of the frame 90 and 
associated with the track 26. In this manner, the present inventors provide for establishment 
and continued maintenance of the operating distance between the coils and the magnet, and 
for the establishment and continued maintenance of the orientational relationship of the 
magnet with respect to the coils at all locations along the length of the track. This aspect of 
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the present invention results in enhanced efficiency of operation of the system from the 
standpoint of responsiveness of the system to ordered changes in the time and position 
relationship of a given carriage to the track and enhanced speed with which any time and 
position changes may be effected, among other advantages. 

5 There is appended to the carriage 1 00 a carrier 1 12 which is designed to receive and 

hold a product upon which it is desired to perform multiple functions as the magnet, and 
hence its carrier, is moved along the path defined by the track. It should be understood that 
the invention is not limited to utilizing the carriage depicted or any other carriage. The 
carriage is depicted in order to show an example of how the invention may be utilized to 

1 0 carry items so that work may be performed at a workstation as part of a manufacturing or 
other process. Another carrier design, such as depicted in U.S. Patent No. 5,965,963, instead 
can be used, the invention not being limited to a particular carrier or carriage design. 

The direction of movement of the carriage and its carrier along the track is 
bidirectional as indicated by the arrow "A" of Fig. 3. As desired, the magnet, hence its 

1 5 associated carriage, may be maintained stationary relative to the track for some period of 
time. For purposes of clarity, only two carriages are depicted in Fig. 1, but as noted, the 
present invention contemplates a plurality of carriages associated with a single track (as 
shown in Fig. 2). 

As noted hereinabove, in the system depicted in Fig. 1, control over the energizing of 
20 the coils, hence control over the movement (or non-movement) of each of the carriages 22 
and 24 is effected through a controller 42, a plurality of amplifiers Amp 1 through Amp N, a 
conventional source of electrical energy 43 fed to each amplifier, a coil switching circuit 50 
and appropriate electrical connections. The system depicted in Fig. 1 is termed an "open 
loop" system. By this term it is meant that there is no electrical or other feedback signal to 
25 the controller as determined by an existing motion parameter of any of the carriages at any 
given time. Rather, as necessary the carriages may be initially "homed" to their respective 
starting positions and thereafter their movements are effected by means of electrical outputs 
from the amplifiers which are fed to the coils to effect their energization, such outputs being 
a function of preprogrammed instructions to be fed to the various coils. In this system, it is 
30 presumed that each carriage performs in accordance with the instruction fed to the coils. 
More specifically, in the system depicted in Fig. 1 , a program for the desired 
movement of each of the carriages along the path is entered into the controller. At 
appropriate times, output signals from the controller are fed to respective ones of a plurality 
of amplifiers. In the present system, there is one amplifier provided for each carriage and all 
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instructions for the movement of a given carriage are fed through its associated amplifier. 
Generally stated, the output from a given amplifier is fed to a coil switching circuit 50 from 
which the amplifier output is fed to appropriate ones of the coils that are at that given point 
in time associated with the carriage which is associated with the amplifier in question. Upon 
5 receipt of the signal from the coil switching circuit, the affected coils generate appropriate 
respective electromagnetic fields. The magnet associated with the carriage in question, 
being within the sphere of influence of the electromagnetic field(s) of the coil(s) which 
receive the output from the amplifier through the coil switching circuit, reacts to the 
electromagnetic field(s) to either maintain the carriage stationary or to effect its movement 
10 to a new location along the path. 

In Fig. 5, there is diagrammatically depicted one embodiment of the present control 
system for use in a three carriage system, but only carriages 1 and 3 are shown in Fig. 5. 
The depicted system includes a first subset of three coils 1A, 2B, and 3C, a second subset of 
three coils 4A, 5B and 6C. The depicted length of each carriage is indicative of the required 
1 5 length of the permanent magnet 1 20, 1 22 associated with each carriage for obtaining proper 
switching of the coils. In the depicted embodiment, this length extends over three coils. 
The depicted system further includes a source of electrical energy 43, which in Fig. 5 is a 
source of three-phase electrical power, modified by an amplifier, AMP1, AMP2, AMP3 
associated with each carriage, and a controller 42. As depicted, in Fig. 5. SW11A refers to a 
20 switch for amplifier 1 , coil 1 and phase A. In like manner SW1 3C refers to a switch for 
amplifier 1, coil 3, and phase C. The "turn on" point for each coil is when the leading edge 
of the carriage crosses the beginning of a zone, e.g., zones 1-8 as shown in Fig. 5. The "turn 
off point for each coil is when the trailing edge of the carriage crosses the beginning of a 
zone. In Fig. 5, SW37A would be closed if it were shown in the Figure. The output from 
25 each amplifier comprises modified phases A, B and C of the electrical energy. With respect 
to the first amplifier, AMP1, Phase A thereof is electrically connectable, through switch 
SW11A to coil 1A of the first subset of coils, Phase B thereof is electrically connectable, 
through switch SW12B to coil 2B of the first subset of coils, and Phase C thereof is 
electrically connectable through switch SW13C to coil 3C of the first subset of coils. 
30 Further, phase A of the first amplifier is electrically connectable through switch SW14A to 
coil 4A of the second subset of coils, phase B is electrically connectable through switch 
SW15B to coil 5B of the second subset of coils, and phase C is electrically connectable 
through switch SW16C to coil 6C of the second subset of coils. 
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With respect to the second amplifier, AMP2, phase A thereof is electrically 
connectable through switch SW21A to coil 1A of the first subset of coils, phase B thereof is 
electrically connectable through switch SW22B to coil 2B of the first subset of coils, and 
phase C thereof is electrically connectable through switch SW23C to coil 3C of the first 
5 subset of coils. 

With respect to the third amplifier AMP3, phase A thereof is electrically connectable 
through switch SW31A to coil 1A of the first subset of coils, phase B thereof is electrically 
connectable through switch SW32B to coil 2B of the first subset of coils, and phase C 
thereof is electrically connectable through switch SW33C to coil 3C of the first subset of 
1 0 coils. 

By reason of these electrical connections of the three amplifiers to the three coils of 
the first subset of coils, at any given time, these three coils of the first subset of coils may be 
powered by either of the three amplifiers. 

In operation, as the leading end 128 of carriage 1 passes into zone 2, switch SW11A 

1 5 closes, enabling coil 1A to receive electrical energy from Ampl through the closed switch 
SW11A, and to generate an electromagnetic field 45 to which the permanent magnet 
associated with carriage 1 reacts. Depending upon the nature of the electrical energy fed 
from amplifier AMP1, this reaction may involve maintaining of carriage 1 stationary or may 
urge carriage 1 to move in a forward or backward direction, at a given velocity, to accelerate 

20 or decelerate, and/or be moved with a given force, or a combination of these motion 

parameters. Assuming carriage 1 is urged forwardly, as the leading edge 128 thereof enters 
zone 3, switch SW12B closes whereupon coil 2B is enabled and develops an electromagnetic 
field 45 that functions in cooperation with the magnetic field of coil 1A. 

With respect to carriage 3, in Fig. 5, this carriage is depicted as being disposed 

25 within zones 5-8. The leading end 130 of the carriage 3 is depicted as having entered zone 
8, while its trailing end 132 is depicted as having passed the beginning of zone 5. Under 
these circumstances, switch SW34A has opened, stopping the flow of electrical energy to 
coil 4A, while switches SW35B and SW36C, which are closed as the leading end 130 of 
carriage 3 passes the beginning of each of zones 6 and 7, remain closed so that electrical 

30 energy continues to flow to coils 5B and 6C. As noted, if switch SW37A were depicted in 
Fig. 5, this switch would be closed. 

Referring to Figs. 3,4 and 6, opening and closing of each of the switches of Fig. 5 
may be effected employing Hall Effect sensors which are triggered by a magnet 200 
mounted on the carriage 100 and in operative proximity to a respective Hall Effect sensor 



- 14- 



DCl - 253270 1 



202. In the depicted embodiment, the south pole of the magnet faces outwardly of the plane 
of Fig. 6 and its north pole faces into the plane of Fig. 6. Each Hall Effect sensor may be 
associated with a power switch (triac, transistor or other) which enables a coil as a carriage 
moves past its respective Hall Effect sensor as is known in the art. This permits an amplifier 
5 to feed electrical energy to that coil which is associated with the given switch. In the 
depicted embodiment, there are shown three such Hall Effect sensors, one sensor 202 for a 
first carriage, a second sensor 204 for a second carriage, and a third sensor 206 for a third 
carriage. Each sensor is specific for its respective carriage by reason of the spatial location 
of the magnet mounted on the carriage relative to the spatial location of its respective Hall 
1 0 Sensor on the frame 90. 

In the embodiment depicted in Figs. 6, 6 A, and 7, the magnet 210 comprises a 
plurality of aligned magnets whose poles alternate along the length of the magnet. This 
magnet 210 is oriented on its respective carriage with its length dimension parallel to the 
length dimension of its respective row of Hall Effect sensors. Thus, as depicted in Figs. 6 
1 5 and 6 A, movement of the magnet 2 1 0 along its path passes the individual Hall Effect 

sensors of its respective row 212 (sensors 16 in Fig. 6A). A series of sine-cosine signals are 
generated as the magnet 210 passes the sensors and these signals are fed to a signal decoder 
that produces outputs identified as Channel A and Channel B that are in turn fed to a driver. 
Other types of sensor and/or feedback arrangements will be recognized by persons skilled in 
20 the art and are equally applicable to the present invention. 

A more preferred control system may be provided through multiplexing, as depicted 
in Fig. 1 1 . As shown in Fig. 1 1, in this embodiment of the control system, a plurality of 
sensors 16 for sensing the position of the carriages on the path are operatively associated 
with a multiplexer 76. A plurality of leads 77 are associated with the multiplexer 76, one for 
25 each carriage. These leads 77 carry the signal provided by the position sensors 1 6, which 
can be Hall Effect devices, after the signals are fed through the multiplexer 76. A signal 
decoder 78 may preferably be associated with each set of leads 77 to decode the signal 
coming from the multiplexer 76, which is then fed to a plurality of amplifiers 98. The 
amplifiers 98 are operatively associated with the motion controller 88 or motion control 
30 computer, which commands the amplifiers 98 to provide specific signals to the coils 8. 

Microcontroller 74 signals a plurality of power switches in the switching circuit 38 to open 
and/or close. These switches are opened and closed to activate the subsets of coils 8 of the 
linear motor, as discussed in greater detail for Fig. 5. In this system, the opening and closing 
of each of the switches may be effected using Hall Effect Sensors, which are triggered by a 
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magnet 200 mounted on each carriage 100. The use of multiplexing allows for the use of a 
smaller number of sensors. A sensor array for use in a multiplexed system is shown in Fig. 
6 A. Switching sensors 12 are associated with a first axis, and switching sensors 14 are 
associated with all other axes. These switching sensors 12, 14 are associated with a shift 
register 1 8, which is then associated with a microcontroller 74. A microcontroller is 
associated with switching circuit 38, such that the amplifiers 98 are triggered by the 
switching sensors 12, 14 in order to provide power to the respective coils 8. Other types of 
control systems and sensors may also be utilized, the invention not being limited to the 
above descriptions. 

Referring to Fig. 6A, where sensors are shown for a multiplexed control system, 
printed circuit board 74 is shown with a plurality of sensor arrays positioned along the 
surface of the board 74 for a curvilinear path. Printed circuit board 74 is preferably 
positioned under or above plate 201, is oval in shape, and lies congruently with tracks 58, 
60. Three rows of sensors are provided on the circuit board 74 for each sensor array. The 
first two rows include coil switching sensors, which are utilized to switch the coils on and 
off as switching magnet 200 passes by the sensors. A first row includes sensors 12, which 
are switching sensors for a first carriage. A second row includes sensors 14, which are 
switching sensors for all remaining carriages. For the first carriage, switching magnet 200 is 
positioned on plate 201 such that it travels along the path defined by the first row of sensors 
12. For the second through n carriages, switching magnet 200 is positioned on plate 201 
such that it travels along the path defined by the second row of sensors 14. An encoder 
magnet 210 is also provided on each carriage, in addition to a switching magnet 200. 
Encoder magnet 210 travels over a third row of sensors 16. In this row, four encoder Hall 
Effect sensors are provided for each array. Sensors 16 are utilized to determine the position 
of the individual carriages along the tracks 58, 60. Encoder magnet 210 is positioned on 
each encoder plate 20 1 . As is evident from a comparison of Figs. 6 and 6A, the use of 
multiplexing allows for fewer rows of sensors than in a non-multiplexed system. It should 
be noted that more than one printed circuit board may be utilized. 

Switching magnet 200 preferably has a length that extends to cover at least one and, 
more preferably, two sensors at once, when positioned with the sensors under the ends of the 
magnet 200. Encoder magnet 210 preferably has a length that extends to cover at least two 
full lengths of position sensor 16 arrays. As shown in Fig. 6A, when encoder plate 201 
passes by the curvilinear portion of the printed circuit board 74, magnets 210 and 200 
continue to be in engagement with their respective sensor arrays. 
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Alternatively, magnetostrictive sensors can be used in addition to or in replacement 
of Hall Effect-type sensors. Feedback signals from magnetostrictive sensors can be used for 
homing, commutation alignment, or other parameter sensing. For example, in another 
embodiment at least one magnetostrictive sensor can be disposed along the path that guides 
5 the movable elements or carriages. The controller is operatively associated with each sensor 
and each movable element. The controller receives at least one signal from one of the 
sensor(s) which is representative of at least one motion parameter of at least one of the 
associated movable elements. The motion parameter is at least one of the following motion 
variables: position, direction, velocity, or acceleration, among others. In this embodiment, 

10 the magnetostrictive sensor(s) can provide absolute position data when the movable 

elements are in motion. Furthermore, the sensor(s) can provide electrical or commutation 
alignment and/or homing of the carriages, when the movable elements are stationary. In one 
embodiment of the invention, a plurality of magnetostrictive sensors are positioned on the 
path in an overlapping configuration, although a single sensor may also be utilized. In a 

1 5 preferred embodiment, a magnet is associated with each movable element for operative 
association with the magnetostrictive sensors. 

In another embodiment, at least one magnetostrictive sensor is disposed along the 
path and at least one non-absolute feedback sensor is disposed along the path. The 
controller is operatively associated with each sensor and each movable element. The 

20 controller receives at least one signal from one of the sensors which is representative of at 
least one motion parameter of at least one of the associated movable elements. The non- 
absolute feedback sensor is selected from a group consisting of Hall Effect sensors, step and 
direction sensors, incremental sensors, or magnetoresistive sensors. It is recommended that 
a single sensor be used to provide feedback such that commutation alignment and homing of 

25 the carriages can be accomplished, although a plurality of sensors can be used in an 

overlapping configuration. The movable element also preferably includes a first magnet 
operatively associated with each magnetostrictive sensor and a second magnet operatively 
associated with each non-absolute feedback sensor. In addition, the non-absolute feedback 
sensors can be multiplexed, as discussed in connection with Figs. 6A and 1 1 . 

30 The controller can be provided with at least one digital signal processor (DSP) 

electrically connected to a controller. Alternatively, the DSP can be replaced with separate 
logic devices, such as counters, latches, an oscillator, a selector, and a processor as shown in 
U.S. application No. 60/137,346, which was filed on June 3, 1999 and entitled "Position 
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Feedback System." The disclosure of this application is incorporated herein by reference in 
its entirety. 

Recommended magnetostrictive sensors are commercially available from MTS 
Systems Corporation of Cary, North Carolina under the name of Tempo sonics® III, Model 
5 L series (LD). Other magnetostrictive sensors from MTS may also be used, such as those 
with the majority of the sensor electronics located spaced from a waveguide. A 
recommended DSP is commercially available from Texas Instruments under the part number 
TMS320F243. 

In a "closed loop" control system, a detection arrangement is provided in proximity 
1 0 to the path and the movable elements that are movable there along, to detect the position of 
each movable element along the path at all given times and preferably other parameters such 
as direction of movement, speed, acceleration, force, torque, jerk, etc. of each movable 
member. 

Referring to Figs. 4, 6 and 7 in one embodiment of a feedback arrangement suitable 
1 5 for use in the present system, an array 1 39 of Hall Effect sensors is mounted on frame 
member 95 in functional proximity to a further magnet 210 of the carriage 100 moving 
along the track. This array includes a plurality of Hall Effect sensors arranged in three rows 
212, 214, 216 that are aligned with the length dimension of the track 26, one row per 
carriage. These Hall Effect sensors of each row are spaced apart from another. The magnet 
20 2 1 0 is mounted on each carriage in position such that movement of the carriage moves its 
magnet 210 past that row of Hall Effect sensors which is representative of the carriage in 
question. 

In the embodiment depicted in Fig. 7, the magnet 210 comprises a plurality of 
aligned magnets whose poles alternate along the length of the magnet. This magnet 210 is 

25 oriented on its respective carriage with its length dimension parallel to the length dimension 
of its respective row of Hall Effect sensors. Thus, as illustrated in Fig. 9, relative movement 
of the magnet 210 past the individual Hall Effect sensors of its respective row 212, for 
example, generates a series of sine-cosine signals which are fed to a signal decoder 224 that 
produces outputs identified as Channel A and Channel B that are, in turn, fed to a servo 

30 amplifier. Other types of sensors and/or feedback arrangements will be recognized by a 
person skilled in the art and are equally applicable to the present invention, such as those 
depicted in U.S. Patent No. 5,965,963, the content of which is expressly incorporated herein 
by reference thereto. 
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In one embodiment of the invention, within the controller 42, there may be provided 
a profile for each carriage. A profile may be a table representing the relationship between 
the carriage position and time. The path of each carriage is described in this table by a 
plurality of points, or could alternatively be provided by, for example, an equation or 
5 algorithm. A single command to a carriage basically tells the carriage that it needs to move 
from one position to another position within a specified period of time. 

One embodiment of a manufacturing process employing the various features of the 
invention, in a form, fill, and seal packaging machine 3 10, is schematically depicted in Fig. 
10, where a web 312 of packaging material, which preferably includes at least one sealable 
1 0 surface 3 1 4 thereon, is fed forwardly 3 1 3 through a web feeder 3 1 1 over guide rolls 316, 
3 18 and formed into a tube 320. The longitudinally overlaid side edges 322, 324 of the web 
3 12 are sealed to close the tube along the longitudinal edge thereof. The side edges may be 
overlain either with the undersides against each other or overlapped with the undersides 
facing in the same direction. A strip of tape (not shown) may be provided along one or both 
1 5 of the longitudinal edges 322, 324 to assist in tube formation. 

Product, such as a juice, milk, or other liquid or non-liquid material, is fed into the 
formed tube at a filling station 326. The filled tube is then forwarded to a sealing station 
328, where the transverse seals of the package 334 are formed at, preferably, equally spaced 
apart locations along the length of the tube, although it is contemplated that non-equal 
20 lengths may also be formed if so desired. Sealing may occur by heat or other known means. 
After the tube is sealed, it is severed transversely of its length and within the bounds of the 
transversely sealed areas to form individual packages filled with the product. Commonly, 
where equal sized packages are produced, each of the packages is filled with a consistent 
volume of product. In form, fill, and seal packaging machines, in particular, consistency of 
25 volume is provided by making the individual packages of equal volume when sealed. Thus, 
the individual transverse seals are preferably formed at equally spaced apart locations along 
the length of the web. 

In a preferred embodiment of the form, fill and seal packaging machine depicted in 
Fig. 10, the sealing station 328 includes first and second sealing jaw subassemblies 348 and 
30 350, respectively, which are disposed on opposite sides of the tube. These subassemblies 
348, 350 include at least one carriage 352, 353 and preferably a plurality of carriages. The 
carriages 352, 353 are preferably mounted on respective tracks 358, 360 along closed loop 
paths. Alternatively, the carriages may be mounted on open loop paths. Preferably, instead 
of varying the velocity of the web 312, the positioning of the carriages 352, 353 and their 
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associated sealing jaws 370, 371 is controlled by a controller 42, or other controlling 
mechanism, to ensure that each pair of sealing jaws 370, 371 registers with the appropriate 
portion of the tube at a preselected location. This serves to ensure proper package 334 size. 
A preferred technique for registering sealing jaws 370, 371 is shown in connection 
5 with Figs. 10, 12, and 13. A packaging machine according to the invention, or any other 
type of machine that requires registration, may utilize a registration sensor 329 in connection 
with a registration mark 332, as shown in Fig. 10. Registration sensor 329 is preferably an 
optical sensor or photoeye capable of optically detecting registration marks 332, which are 
provided at spaced intervals on the packaging web. Alternatively, the sensor may be an 
1 0 infrared or fluorescent ink sensor or a proximity probe, or any other type of position sensing 
device. 

In order to perform proper registration of the sealing jaws, the present invention uses 
the registration marks 332 and sensor 329, and programmable windows or time intervals to 
monitor carriage movement, as depicted in Figs. 12 and 13. When a registration mark 332 

1 5 passes by the registration sensor 329 and the sensor 329 detects the mark, a registration 
signal Rl is sent to the motion controller. In response, the controller begins a first time 
interval TTNT1 at time Tl. The first time interval TINT1 is used to indicate the start of a 
second interval TINT2. When the first time interval TINT1 ends at time T2, the second time 
interval TINT2 begins. A second registration signal R2 is received by the controller during 

20 the second time interval TINT2, which indicates that the operation of the machine 3 1 0 and 
sealing assemblies 328 is normal. 

If no subsequent registration signal is received during the second time interval, then 
another second time interval begins at the end of the first time interval and the controller 
knows that the machine is operating abnormally. If multiple registration signals are received 

25 in the second time interval, the machine is also operating abnormally. Abnormal system 
operation causes a fault detection signal to be sent to the controller that results in stopping 
the process, sounding an alarm, displaying the appropriate message to the operator, or taking 
other appropriate actions. The generation of first and second time intervals is repeated with 
each registration mark that is detected. 

30 The first time interval is calculated to be a first predetermined time, which is the 

cycle time divided by the number of carriages on the track. If six carriages are used, the first 
time interval is the cycle time divided by twelve. The detection of the registration mark 
should occur in the middle of the second time interval. The second time interval is 
calculated to be a second predetermined time, which is twice the first time interval, or the 
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cycle time divided by the number of carriages on a track. If six carriages are used, the 
second time interval is the cycle time divided by six. By these features, the system can 
detect a missing registration signal or multiple registration signals in a given time. 

The registration signals are also used to check and modify the position of the 
5 carriages versus a position profile. Thus, the timing of the registration of sealing jaws of the 
two subassemblies and their movement into engagement with the moving tube 320 (see Fig. 
10) for the formation of the transverse seal is also function of the detection of the presence 
or absence of registration mark 332 on the moving web 3 12. By this means, the velocity of 
the forward movement of the tube 320 through the heat sealing station 328 is not modified 
1 0 intentionally. Rather, the positioning of the registered sealing jaws or carriages is modified 
to accommodate the velocity of the forwardly moving tube 320. Thus, if the velocity of the 
moving tube 320 varies due to changes in tension in the tube, or due to imprecise 
functioning of one or more mechanical elements of the FFS machine, the present system 
detects such variance in velocity of the tube and adjusts the position of the registered sealing 
1 5 jaws to ensure that the sealing jaws engage the tube at a time that is a function of the 

detection of a registration mark. As desired, the location of engagement of the sealing jaws 
with the tube need not be directly at the registration mark on the tube, but may be displaced 
by a set distance from the registration mark. As a result of the flexibility of the present 
system to position the sealing jaws as a function of the detection of the registration mark, 
20 among other things, the present system may be employed to produce any of a variety of 
package sizes without mechanical change to the system. 

Referring again to Figs. 12 and 13, in the first cycle, once the registration signal Rl 
is received, the controller uses the actual position of the carriage corresponding to the 
package with the registration mark that triggered the registration signal Rl. The actual 
25 position PI of the carriage is checked against the profile. Since the actual position PI is 
equal to the registration position at Tl, the actual position PI is on position target, and 
correction of the carriage movement is not required. 

In the second cycle, the registration signal R2 occurs at T2. The actual position of 
the carriage is at P2, which is not at the position target. This is earlier than the target time of 
30 T3. Therefore, correction is necessary. Correction occurs by shifting the table to the left as 
indicated by the arrow L by an amount equal to the difference between the time target T3 
and actual time T2 when the registration signal was received. After correction, the target 
time is redefined so that the new Target Time is equal to T4. For example, the new time 
target is made equal to the last actual time. 
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The precalculated carriage position profile corresponds to a velocity profile which 
represents the relationship between carriage velocity and time. During correction, the actual 
velocity of the carriage will deviate slightly from the predefined velocity profile in order to 
bring the carriage into synchronization with the shifted table. 
5 When the third registration signal R3 occurs, assuming that there were no 

disturbances in the functioning of the carriages in the third cycle, the actual position P4 
exactly matches the position target T4. 

In the fourth cycle, the registration signal R4 occurs at time T5 where the actual 
position of the carriage is at position P5, which is not at the position target. Therefore, 
1 0 correction is necessary. Correction occurs by shifting the table to the right as indicated by 
the arrow R. After correction, the target time is redefined. During correction, the actual 
velocity of the carriage again deviates slightly from the predefined velocity profile in order 
to bring the carriage into synchronization with the shifted table. This monitoring and 
correction occur with each registration signal that is sent to the controller. 
1 5 Correction can occur in the same cycle within which the registration signal occurred. 

Correction can occur directly after the signal is detected, or correction can be delayed to a 
later time in the cycle, such as where the disturbance from the table shifting is minimal. 
Correction can also be skipped or delayed to another cycle completely. If a predetermined, 
correction maximum limit would be exceeded, correction can be spaced over several cycles. 
20 The correction maximum limit allows the system to run smoothly. Packages produced 

during correction can be marked for rejection. Although the position profile for one carriage 
is shown, the correction is applied consecutively to subsequent carriages as necessary. 

The system is designed so that preferably the registration signal occurs as close as 
possible to the position and time targets to minimize the correction. By reason of the high 
25 precision of the feedback to the motion controller from the position sensors of each carriage, 
the system is able to run several cycles with acceptable accuracy. Under normal 
circumstances, the largest correction to be applied commonly is less than a few millimeters. 
Preferably the corrections are less than about 1 mm and more preferably the corrections are 
less than 0.2 mm and most preferably the corrections are less than 0.1 mm. The corrections 
30 can involve speeding up, or slowing down the associated carriages. 

The profile tables, table shifting, and programmable windows are features of the 
software used to run the motion controller. One recommended software package with these 
features is commercially available from Automation Intelligence of Atlanta, Georgia, which 
is a subsidiary of Sanyo Denki, under the name "Advanced Motion Language." Other 
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recommended software that includes these features is commercially available from Indramat, 
a division of Mannesman of Rexroth, under the name "Visual Motion." Yet another 
recommended software package is available from Motion Engineering, Inc. using their 
libraries and programming in "C", or Allen Bradley's under the name "Graphics Motion 
5 Language." 

As discussed above, proper registration of each pair of sealing jaws with the proper, 
predetermined portion of the workpiece can be controlled as each pair of opposing sealing 
jaws 370, 371 closes against the tube 320. The predetermined portion of the workpiece 
preferably is determined as a position along the tube 320, and includes the opposite sides of 
1 0 the tube. In an alternative embodiment, this portion of the workpiece includes two or more 
locations of the workpiece which may be spaced from each other, but are preferably located 
close enough for the tools on the cooperating carriage pairs to be in operational association 
therewith. 

In another embodiment, the timing of the registration of sealing jaws 370, 371 of the 

1 5 two subassemblies and their movement into engagement with the moving tube 320 for the 
formation of a transverse seal is a function of the detection of the registration marks 332 on 
the moving web. A signal from a workpiece portion sensor, such as registration mark 
detector 329, is fed to the controller 42 and is analyzed. 

Preferably, instead of varying the velocity of the web, the positioning of the 

20 registered sealing jaws is controlled to ensure that the next pair of sealing jaws about to 
engage the workpiece registers with the appropriate portion at the preselected location. In 
the preferred embodiment, if the velocity of the moving tube 320 varies, such as due to 
changes in the tension in the tube or due to imprecise functioning of one or more mechanical 
elements of the FFS machine, the present system detects such variance in velocity of the 

25 tube and the position of the marks 332 and adjusts the position and velocity of the registered 
sealing jaws 370, 371 to ensure that the sealing jaws engage the tube 320 at a time that is a 
function of the detection of a registration mark 332. As the preferred embodiment includes 
coupled pairs of carriages, the controller 42 can control the movement thereof based solely 
on the positions of the carriages located on the work performing side of the subassemblies, 

30 and the carriages on the return side of the subassemblies are brought to the top of the 

subassemblies. The registration in the preferred embodiment can be conducted prior to the 
engagement of the sealing jaws with the tube 320. 

As desired, the location of engagement of the sealing jaws with the tube need not be 
directly at a registration mark 332 on the tube 320, but may be displaced by a preselected 
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distance from a registration mark. As a result of the flexibility of the present system to 
position the sealing jaws as a function of the detection of a registration mark, among other 
things, the present system may be employed to produce any of a variety of package sizes 
without mechanical change to the system. 

5 When the sealing jaws are engaged in operational association with the web, the jaws 

cooperatively grip and draw the workpiece in a workpiece direction between the first and 
second subassemblies at a workpiece velocity. The first and second pairs of carriages are 
driven at first and second velocities around the subassemblies, and the velocity of the 
carriages that are engaged with the web can be varied to control the web velocity. In the 

1 0 preferred method according to the invention, the first and second velocities are varied to 
maintain the workpiece velocity substantially constant. 

As stated above, the first and second velocities are also varied relative to each 
other by the controller, depending on the detected position of the portion of the workpiece to 
be operated on with respect to the subassemblies and on the workpiece velocity, to register 

1 5 the tools with the respective portions of the workpiece. This is preferably repeated with 
successive carriages and the portion of the workpiece to be operated on. The absolute 
velocity around the circuits of the engaged pair of tools and carriages can be varied, to draw 
the web at a different speed, or of the carriages with the tools to be engaged, to change the 
spacing from the adjacent, engaged carriages, or both velocities may be varied. This method 

20 overcomes errors and variances in spacing between markings on the web, especially where 
the web is spliced to another section of web, and also allows marks to be spaced differently 
from each other and registered with and engaged by the tools on every successive mark or 
portion of the web to be engaged and operated on. 

As is evident, the packaging machine described and depicted in Fig. 10 can be 

25 employed to produce any of a variety of package sizes without mechanical modification of 
the system. 

Another embodiment of a manufacturing process employing various features of the 
present invention is depicted in Fig. 2 for an alternative type of packaging machine, where 
an open-top carton 226 is introduced into a carrier 1 12 mounted on and movable by a 
30 carriage 100. With reference also to Figs. 3 and 4, this carriage is mounted on a track 26 
which includes opposite rails 60 and 62. The first set of wheels 64, 68 having grooved 
peripheries are mounted on one side face 104 of the carriage 100 for example and in position 
for the grooves to engage and roll along the rails 60, 62 of the track. A second set of wheels 
66,70 having grooved peripheries also are mounted on the side face 104 of the carriage and 
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in position for the grooves thereof to engage and roll along the rails 60, 62 of the track. As 
depicted, there may be provided a plurality of carriages 100, 103, 105, 107, 109, 1 1 1 and 
1 13 for example, disposed along the length of the track, each of which is independently 
movable with respect to each other carriage on the track. 

5 One possible use of the system of the present invention is shown in Fig. 2. In Fig. 2, 

each carriage has attached thereto a carrier 1 12 which is sized to receive therein a selected 
open top carton 226. This carton is moved along the track as the carriage is moved along the 
track. For example, after a carton 226 has been deposited, at a loading station 113, into the 
carrier 100 with the open top of the carton opening upwardly, the carriage, hence the carton, 

1 0 may be moved along the track to a bottom forming station 115, then to a filling station 1 17, 
where the carton may be filled with a material, such as a liquid or solid, then moved along 
the track to a top-closure station 119 where the open top of the filled carton is closed and the 
carton contents sealed within the carton, then further moved along the track to a carton take- 
off station 121 wherein the filled and closed carton is withdrawn from its carrier 112. The 

1 5 withdrawn carton may be moved, as by a conveyor 1 23 or other conveying mechanism, to 
one or more further processing stations and eventually collected for storage or shipment to a 
purchaser. 

Notably, at each of the several processing stations along the length of the track, it 
may be desired that the carton be retained at a given station for a time which is greater than 

20 the time at which the same (or other like cartons) is retained at another of the processing 
stations. The present invention includes the ability to move each carriage along the track in 
an essentially infinite combination of starts, stops, changes in direction of movement, 
selected velocity, force, jerk, torque, or acceleration, or combinations thereof, and/or states 
of dwell (non-movement) of the carriage and the carton carried within the carrier that is 

25 attached to the carriage. In a particular embodiment of the present system for performing a 
manufacturing operation or the like, the desired position of a given carriage along the length 
of the track, at a given time may be programmed into the controller 42. 

In one embodiment of an operation of the system of the present invention initially, 
the starting position of each of the carriages is determined. This function may be performed 

30 employing a "home" position for each carriage as is known in the art. 

Within the motion controller, there may be provided a profile (table), for each 
carriage, the table representing the desired relationship between the carriage position and 
time of each carriage relative to the length of the track. The path of each carriage is 
described in this table by a plurality of points, or could alternatively be, for example, an 
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equation or an algorithm. A single command to a carriage basically tells the carriage that it 
needs to move from one position to another position within a specified period of time. In an 
open loop system, compliance with the command to each carriage is not monitored, but is 
presumed to have taken place as directed. 

5 In a system employing the concepts of the present invention, a plurality of carriages 

are employed on a single track and each carriage is controlled as to the position and timing 
at which it (and its carried "working element") are presented to sequentially arranged work 
stations, retained at the work station, and moved to a further work station. In one 
embodiment of the present system, it is desired that each carriage present itself (and its 

10 "working element") at individual work stations in a given sequence. Thus, it is immaterial 
how many carriages are present between adjacent work stations or along the return leg of a 
closed loop track, for example. 

The present invention is contemplated for use in any number of processes that 
require movement along a path. It is envisioned that any system which presently utilizes a 

1 5 conveyor or similar transport-type system could benefit from the advances of the present 
invention. For example, the present linear motor could replace the conveyor belt shown in 
U.S. Patent No. 5,638,461, which concerns a stereoscopic inspection technique. As another 
example, the present invention could replace the conveyor shown in U.S. Patent No. 
5,074,238, which concerns a production line paint spraying operation. The disclosures of 

20 U.S. Patents No. 5,638,461 and 5,074,238 are incorporated herein by reference in their 
entirety. Thus, it is clear that the present invention has a wide variety of applications. 

Whereas the present invention has been described in specific terms, it is to be 
recognized that various equivalent embodiments may be employed. For example, the 
movable members of the present system may be mounted for movement along the track by 

25 sliding interconnections between the movable member and the track, or the movable 
member could be levitated magnetically with respect to the track. 

Furthermore, while the present invention was described in terms of its use in a 
packaging machine, the present invention is anticipated to be useful with a large number of 
applications. Any type of manufacturing or other process is anticipated to derive some 

30 benefit from the invention, particularly where a movable element interacts with a tool along 
a path. Such operations may include assembly, fabrication, molding, screwing, drilling, 
cutting, hammering, forming, transporting, quality control, printing, labeling, surface 
treating, and many other types of operations. While sealing jaws and cutters were described 
in connection with invention, other tools may also be used, such as, for example, volume 
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controllers, working members, implements, bins, cutters, sealers, applicators, sprayers, 

vacuums, grippers, and other devices. 

It should be understood that variations and modifications within the spirit and scope 

of the invention may occur to those skilled in the art to which the invention pertains. 
5 Accordingly, all expedient modifications readily attainable by one versed in the art from the 

disclosure set forth herein that are within the scope and spirit of the present invention are to 

be included as further embodiments of the present invention. Accordingly, the scope of the 

present invention is to be defined as set forth in the appended claims. 

The following applications are filed on even date herewith and the contents of each 
1 0 application is incorporated herein by reference thereto: U.S. Application No. tc 

Jacobs et al., entitled "Packaging Machine"; U.S. Application No. to Jacobs et 

al., entitled "Machine with Independently Movable Tools"; U.S. Application No. 

to Hoffman et al, entitled "Induction Sealing Jaw"; U.S. Application No. 

to Ortiz et al., entitled "Packaging Machine"; U.S. Application No. 

1 5 to Ortiz et al., entitled "Multi-Jaw Transverse Sealer". 
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The Claims 



What is claimed is: 

5 1 . A system for performing a manufacturing operation relative to a first path 

comprising: 

a plurality of first carriages mounted for independent movement relative to a first 

path; 

a plurality of first active elements operatively associated with at least one first 
1 0 reactive element to produce relative movement between the first carriages and the first path, 
with each said first active element being independently activated to control such relative 
movement; 

at least one controller for controlling the activation of said first active elements in 
order to provide independent control of at least one motion parameter of each said first 
1 5 carriage; and 

a first tool associated with each first carriage for performing at least part of the 
manufacturing operation, 

wherein the active elements are selectively activated by the controller to 
independently direct the first carriages along the path so that the manufacturing operation 
20 can at least partially be conducted by the first tool. 

2. The system of claim 1, wherein the first carriages are movable and the first 
path is fixed, and the first path is a curvilinear path. 

25 3. The system of claim 1, wherein at least one first reactive element is 

associated with each first carriage. 

4. The system of claim 1 , wherein the motion parameter is one or more of force, 
acceleration, velocity, direction, position, torque, or jerk. 

30 

5. The system of claim 1, wherein the first active elements are electrically 
conductive coils that are electrically insulated from neighboring coils and arranged along the 
first path, with each of said coils, when enabled, establishing an electromagnetic field that is 
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effective to influence said first reactive element when said first reactive element is 
associated with said electromagnetic field. 

6. The system of claim 5, wherein the controller controls the enablement of 

5 respective ones of said coils as a function of the location of each first carriage along the first 
path so that each first carriage is independently controlled. 

7. The system of claim 1, further comprising: 

at least one second path having a plurality of second carriages mounted for 
1 0 independent movement relative to the second path, said second carriages having associated 
therewith at least one motion parameter; 

a plurality of second active elements operatively associated with at least one second 
reactive element to produce relative movement between the second carriages and the second 
path, with each said active element being independently activated to control such relative 
1 5 movement; 

said at least one controller for controlling the activation of said second active 
elements in order to provide independent control of the at least one motion parameter of 
each said second carriage, 

wherein the first tool associated with each first carriage cooperates with the second 
20 carriage to perform the manufacturing operation. 

8. The system of claim 7, wherein the first and second carriages are controlled 
to cooperate to conduct the manufacturing operation. 

25 9. The system of claim 7, wherein at least one first reactive element is 

associated with each first carriage and at least one second reactive element is associated with 
each second carriage. 

10. The system of claim 7, further comprising a second tool associated with said 
30 second carriage for cooperating with the first tool to perform at least part of the 
manufacturing operation. 
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1 1 . The system of claim 7, further comprising a second controller, with the first 
controller controlling activation of said first carriage, and said second controller controlling 
activation of said second carriage. 

5 12. The system of claim 1 1 , wherein the first and second active elements are 

electrically conductive coils that are electrically insulated from neighboring coils and 
arranged along the first and second paths, with each of said coils, when enabled, establishing 
an electromagnetic field that is effective to influence the first and second reactive elements 
when the reactive elements are associated with the electromagnetic fields. 

10 

13. The system of claim 12, wherein the first controller controls the enablement 
of respective ones of said coils on the first path as a function of the location of each first 
carriage along the first path so that each first carriage is independently controlled, and the 
second controller controls the enablement of respective ones of said coils on the second path 

15 as a function of the location of each second carriage along the second path so that each 
second carriage is independently controlled. 

14. The system of claim 13, wherein the first and second controller are a single 
controller. 

20 

1 5 . The system of claim 7, further comprising at least one third path. 

1 6. The system of claim 1 , wherein the controller includes a multiplexer. 

25 17. The system of claim 1, wherein more than one first carriage is provided and 

the first carriages are controlled independently from one another along the path. 

1 8. The system of claim 1 , further comprising: 

a plurality of second carriages mounted for independent movement relative to a 
30 second path; and 

a plurality second active elements operatively associated with at least one second 
reactive element to produce relative movement between the second carriages and the second 
path, with each active element being independently activated to control such relative 
movement, 
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wherein the controller controls the activation of said active elements in order to 
provide independent control of the motion parameters of each said first and second 
carriages, and the first and second carriages are controlled to meet as they travel along at 
least a portion of the path so that the manufacturing operation can be conducted. 

5 

1 9. The system of claim 1 8, further comprising a first tool associated with each 
first carriage for performing at least part of the manufacturing operation. 

20. The system of claim 19, further comprising a second tool associated with 
1 0 each second carriage, wherein the first and second tools cooperate to perform the 

manufacturing operation. 

21 . A method for performing a manufacturing operation relative to a first path, 
comprising: 

1 5 mounting a plurality of first carriages for independent movement relative to a first 

path; 

operatively associating a plurality of first active elements with at least one first 
reactive element to produce relative movement between the first carriages and the first path, 
with each first active element being independently activated to control such relative 
20 movement; 

associating a first tool with each first carriage for performing at least part of the 
manufacturing operation; and 

controlling the activation of the first active elements to direct the first carriages along 
the first path where the manufacturing operation is at least partially conducted by the first 
25 tool. 

22 . The method of claim 2 1 , wherein the first carriages are movable and the first 
path is fixed, the first path is a curvilinear path and the first active elements are selectively 
activated to independently direct the first carriages along the first path. 

30 

23 . The method of claim 2 1 , wherein each first carriage has at least one motion 
parameter and the motion parameter is one or more of force, direction, velocity, acceleration, 
position, torque, or jerk. 
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24. The method of claim 2 1 for performing a manufacturing operation relative to 
first and second paths, further comprising: 

mounting a plurality of second carriages for independent movement relative to a 
second path; 

5 operatively associating a plurality of second active elements with at least one second 

reactive element to produce relative movement between the second carriages and the second 
path, with each active element being independently activated to control such relative 
movement; and 

controlling the activation of first and second active elements in order to provide 
1 0 independent control of each first and second carriage so that the first and second carriages 
cooperate as they move along at least part of the path in order for the manufacturing 
operation to be conducted. 

25 . The method of claim 24, which further comprises associating a first tool with 
1 5 each first carriage and associating a second tool with each second carriage and controlling 

the first and second tools to cooperate to conduct the manufacturing operation. 

26. The method of claim 25, which further comprises moving the first and second 
carriages in unison along the first and second paths as the first and second tools cooperate to 

20 conduct the manufacturing operation. 
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VARIABLE MOTION SYSTEM AND METHOD 



Abstract 

5 The invention relates to a system and a method for performing a manufacturing 

operation at a predetermined position relative to a first path. The system includes a plurality 
of first elements mounted for movement relative to the first path. The first elements have a 
plurality of motion parameters which are independently controllable. Active elements are 
operatively associated with reactive elements to produce relative movement between the first 

10 elements and the first path, with the active elements controlling the relative movement. A 
controller controls the activation of the active elements and a first tool is associated with 
each first element for performing at least part of the manufacturing operation. The system 
may also include at least one second element and a second path. The method includes the 
steps of mounting a plurality of first carriages for movement relative to a first path, 

1 5 operatively associating a plurality of active elements with at least one reactive element to 
produce relative movement between the first carriages and the path, associating a first tool 
with each first carriage for performing at least part of the manufacturing process, and 
controlling the activation of the active elements. 
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